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mistletoe lectin nucleic acids. 

. centum *e eye- and tumcur-toxic ac,.o„ * — ^ ^ , ^ bolh as a 
Si surgical tumour removal. 

1 . we,, a S ,«3 cytotcrc action also has an i— , « P ^ 

W L. Geise, I, PuNere G (199£A» ^ ^ ^ 6;8 . 

K„ H L, GaKus H-I, Bumche.er H, Oe te - „, ^ semm , which is 

661 ). Further, a significant mcrease » defined acute p ^ 

Pulverer G (199!). In V,vo 5. 29-32, Beuth >, ^ steuer 

K, Pulverer G (1994), In Vivo 8, 989-992; Beuth J, Ko H-L, Tungg 



nklJ 6 1 -6Beuth J ,K0H-L,WL,S«eue, 

M K, PuWerer 0 (19*), ^ ^ ^ ^ 40M1 0, Kayser K, Gabius S, 
MK GeiseU.leljaszewiczJ.PulvererG W ) ^cHaste 

,na992)Tumord.ag .undTher. i , treat men., 
Gabius H-I, Hagemeyer O (1992) by ^.oe extract 

probation of the survivai *» ° f ^ > T^, whic » is attributed to the nse m p- 
endOT phins in the Hood (Hemy «^ ^ endog e„ous opioids, ► 

action, and improve the pa.nmdexff 
j Endocrinol. US, 5-8). 

„ r ac«has*ovmAa,theimmunosam U la..ng 
effect is attribute to a certain group of g*coP suga , bmding specifies had 

bee „ identified. The concen.rat.on of ' „ iectin IE (MM*)- » 
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L — aCionCBeu*:, , ^«). The p-gaiactoside-spec^ ML-1 -.n 
^eim.-Porsch.'D.ug. Res. 45 01), ^ ^ated, whose moiecuiar 

cons.s.sof.wo.-and-B-channsCML^ The amino acid sequence of ML A 

stains one potential glycosylate , s,.e * e ^ ^ ^ ^ m a 

The resting mis.le.oe Win monomers can 
covalent bonds. 

f ML I during analytical centrifugation show that is 
Studies of the sedimentation behaviour ««^J p , ^ise H, Chattenee B, 

bi nd.oga.actose-con.a*g sutures onthes 



, , Through endocytosis,ML-Idimers and 
chata s through reduction of the ^ 

The study of ML-I — s USmg » of yarious x and B chains and different 
wh ich are a,— to different con*, a - ^^n „, M*l). « - 

( — andeachoftheseiso^s 

• ,, uence derived therefrom of one ML-I 

brightening effect. 
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■ f „ tto n is to provide a process wrnchmak» il 

diversity in ML-I isoenzymes of the natu 

■ ,„n bv the provision of a process according to 
THeprohiemissoWedaccordingtothe—hytheP 

Claim land/or 40. 

'table 2 new polypeptides of the MLA chain and 

6 new po,ypep.*s of the MLB chatn ofML . ^ „ hetero , ogous „ ^ 

combination m a suitable host systenv T*r*. ^ ^ ^ ^ either of 

wo MLA and two MLB chains each the -e ^ ^ ^ 

wW ch consists of two different ««A o{ different m^B 

MLA and MLB chains makes it ' > ° S ^^° is modelled on the above-described action of the 
complexes, the therapeutic aeon of whrchrs 
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ct one of the advantages which 

the present — offers «^^L^ of the .mstletoe extract can be 
tr£S h plants U that the immunomodulat ng <o ? ^ ^ „ x 

prod uced by a biotechnological process. Tta ^ ^ ^ , 0 , , imlte d 

Lin I can be produced independently „ Furth ermore, a mixture of mistletoe 

lectin sbio.echnologically produced mttas 
th e natural mistletoe extract, e.g. — », 

• makes a large number of different ML A 

and MLB polypeptides of ML-I avanable, ^ „ y ^ selectio „ of certam 

compositions in a target-oriented manner Ttas ^ ^ ^ the taIget 

use of defined MLA polypeptides, ^ 
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use ui — . 

, ,he mixture of mistletoe lectins contained m 

In or4 er to be able biotechnology to pro - tically interest r*>uoc 

*• extracts, firstly the amino ac.d ^ ^ ^ ^ ^ 

lKtin was elucidated. For this, a mrstleto* ^ ^ , _ ^ 

pfawOT » Kell, which were harvested from P«J- ^ fcy gpg.p^GE, 

^bya**-— ; ^^owed -rms and 6 MLB 
HPLC and sequence analysis oy 
isoforms. 

• of the amino acid sequences, and 

oy leans of these the genomic mistletoe >ect, J ^ ^ ^ on)y . 

^process. *^**«*'^ n » a .~ V ~-~*«>><- » 

sing ,e nucleic acid se,uence more less co„esp ^ ta ^ ^ copy per 

modifications in mistletoe cells. 
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i. f \ mKNA sequence and the correspond- 
M accesses rhat ,ead to differences <^ mo „, are described as 

£ »^ fM ' WA m Irrence of modtfed tRNAs, , gene* 

- ^ ; U hae In .^A-editing", 

or neieted co- or posn—ion* *c « ^ rf ^ ^ np , 

ofV— ri a,BN A o fW an^- ^sof^rp-sands^ar 

m echanUms for pes— ona, «^ , „ „. 

reverse far only been very mcompletely 



,- nvery few plants and the aim is to 
roakeb ,o— icaiproducuono^ 

„ ther pl ant cens than mistietoe ce, ^ ^ ^ „ „. „ of the vano * 



^ttranslationai changes, the ^^^^ th e genome sequence - 
Lated po,ypepudes by *»— ^ in order t o ma* opttaai express.cn 



matched to the pre: 
possible e.g. in rape cells. 



ferredcodonutUisationof^— 




R D 



L R X* 



R V 



T H Q 



T T 



G XI 



F R F 



3 D 



A Q * 



s G S 



F V I* 



T P ^ L 

F S H E 1 



R Q S 



I T !• 



T I P 



V K I* 



Q G X2 



D S 



X3 T A A 



I D 



H X4 



Y V V 



A ^ Q 



A G 



D Q S 



R G 



A B 



T H L 



F T G 



T t R 



X5 S S 



Y F I* 



X, P F 



R D A 



X 6 G s 



X*7 D 



K * A 



G H R 



D Q 



X P !• 



G I 



X8 Q 



L x Q 




poS TKXllQA* 91111, 
X9 A L R X10 P 8 G 

Q V Q H 3 * 

VIA3LAIMLFVC 
F v T X. X19 H V R X20 ^ ^ 

E RP33 3 DVR^ 

r _ v G R X21 « H X22 V D V 

rt . wpS K3NNDPN 
D D o * H D » K Q X 0 X. 

, , K R D X.3 T X R 3 K S 3 = X. T 
L w T I X 

.MTAVREATIWQ 1 

„ S TIINPR SN1 * 
X24 H » * 

^ t C — H — S S — « 

- VT IYGFRDX,C 

p K 2 « « ° « = L * ~ E M t : , » 

g C S X31 X32 S X33 X34 Q R ^ 
L K X36 X37 X38 X39 X40 D V A Q 

inducing the step of expressing of . eukary code or a 

fragment .hereof is doned, m a stable hetero! g 

, n X3isIorV X4 is L 0^X5 is DR or missing, X6 is N 
herein XI is D or E, X2 is G or Q, » » « i s F or Y, XI 1 is T or A, X12 is A or V, 

XUisVorD.XW.s AorB.X, 5.V c „ R x* is G or N, X* is G or D, 

X19isTorS,X20,sDorS,X21>sNO 



X25 is G or Q, X26 



• «a X29 is R or K, X30 is C 
v y?« is G or missing, ^ 15 ^ 

is v or D, X27 i, Q « ^ » ^ Q or , „ s , G o, V, X36 is 

' SG ° rA - ^i/ A orM,X40,sMo r Van d X4HsP 



0 rSorV,X3HsAor0. x32 
L r SorTo,K,X37 iS SorG,X3S, L orP, 

or F- 



»» d ^ Jhii,I ^^^ ar e made availabie, which contain the Mlowmg 



x E R L R 
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SB Q ^ V 3 S G S F S 



T T G XI E I * * 



p L L 



F I T I» 
R Q S T I * 



(PL* 



v s t> 



A Q R 



ff V L V 



E I. T H Q S » ° S 



T N X 4 Y V V A 



- Q A r- 



q D Q 



X3 T A A 

s x * L R D A 



^ p R G A 



_ T p F X6 G S 
B T T R X5 3 S L 



O T X7 O 1. ■ * * * 

" «*RSl Ll1 * 

tR xiiQ aRS 

s v X9 A L R ^ 



, » R F N p 



n VI 7 R Q X13 1 N 



.T.ETSWGQQ 3 

- p D X15 * M L E L 
S G X14 S F L 



^ H S T D G 
T Q V Q H S 



„ T, A I X17 X18 G 
K p Xi6 R ^ A 

V F N 



N F V T L 



, 1. A I M L E V C 



E * * 



3 S S 



P N 



Iv^stletoeLiectinB: 

„ 0 v t C S X 3 Z . T V K X V = . X,, . M X,a V 

„ . , x . » » » « > » • " ' » C ' 1 * * ' " 

g X26 S S Q X27 N Q X28 X29 W A L T 



S QDQCI.TX30GRDSVSTV 

^ i T I. N L K X 36 X37 

vj . - ~ t E X35 A I ^ « ^ 

^ S X33Xi4QRWVF^W 

g. X38 X39 X40 D V A Q A N P K L R R X 



KPNQ MWLPVX41 



wherein XI to 



X41 have the meaning stated above. 




MLA a nd MLB rha 



Y E R 



L R L R 



L R 



V 3 



D * V 3 3 



V T H Q T 



G 3 F 3 N 



T G XI E Y 



E I 5 L L 



F r F I T L 



R Q S T I P 



D A Q R 



F V !• V E L 



T N Q S X2 



D S X3 T A A 



, „ O X. E R * * <= * * ° ° 1 " L = * X8 5 L 1 S 
3 V X9 X L. R X10 p G G S T R XXX QXRSIX.IX1 

T t w "R. X12 R Q X13 I N 

. G « ^ * I P » - X - t . * « ^ ' « 3 ° ° 3 

e 

| „ r , X , x,, . v R «o v x , s , x x - , ' v c 

ffi ^TVTRPVIADD 
£ t? *p 3 SSDVR*W* LVlRP 

§T| Q E R 3 

S3 

=? x? r a — X2± 6 M — Q V 

S R „ D D * H D G „ * X C ^ « > = * * » » ° ' " 

T A G V * V H X * O = - * * V R * * T X « * I 
H K G T X X » R R S H . V , X X S 3 G X K G 

pHEVTI 1 GFRD LC ME 3N X25 G 3 V W V 
PKQNQDQCLT 

„ „ v V T N E X3S A I L H 
3 C 3 X31 X32 3 X33 X34 Q * * V F 
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L K X36 X37 X38 



X39 X40 D V 



A Q A N P K 



L R R X 1 1 



w L P V X41 



pATGKPNQM 



MistletoeiectinA: 



y e R 



L R L R V 



T H Q T 



T G XI E * 



F R F I T L 



L R 



S S G S F S 



N E I P ^ L R . 



Q S T I P 



D S X3 T A A 



CP v S D 



A Q R F V 



L VELTNQGX2 
AGDQSY^LKDA. 



D V T N X4 X 



if 



b p R 



G A E T H 



V V A * Q 



L F T G T 



T R X5 S S 



L p F X6 G S 



Y X7 D 



S V X9 



I Q M 



L E R * A 



G H R D Q 



I P I* G I 



X8 Q I* I Q 



A L R X10 P 



G G S T R 



Xll Q A R 



S I L I L 



I 3 E A A 



R F N P 1 



L W R X12 



R Q X13 I N 



G X14 3 F L P D 



X15 * M L E 



L ETSWGQQS 



T Q 



v Q H 3 T D 



G V F N N 



p X16 R L A 



I X17 X18 G 
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N F V T L X19 N V R X20 VIASLAIMLFVC 
G E R P S S 3 

Mistletoe Lectin B : 

DD VTC3A3EPTVRIVGRX21GMX22VD 



RDDDFHDG 



NQIQLWPSKSNNDPN 



01 

m 



a 



QLWTIKRDX23TIRSNGSCLTTYGY 

TAG VYVMIFDCNTAVREATIWQIW 

X24NGTIIKPR3NI.VI.AAS .SGIKGTT 

LTV QTLDYTLGQGWLAGNDTAPRE 

VXIYGFRDI.CMESNX2SGSVWVETC 

X26 3SQX27NQX28 X29 WALYGDGSIRPKQH 



O Q D Q C L T X30 GRDSVSTVINIVS CS X31 

3Q2 S X33 X34 QRWVFTNE X3S A I 1. N L K X36 X37 
X38 X39 X40 D V A Q A N P K L R R I I X ^ A T G 



K P 



N Q M W L P V X41 



wherein XI to X41 have the meaning stated above. 



KSccun 



_ whiefa4nefardes ^^ u f th e ML I polyg gf 



for MLA2 of mistletoe 



le / 8 l cqv tertce" 

ccurnng in mistletoe cells is shown in Figure lb. A specificsec 

lectin I which was likewise ^c^z^s^^^ P resented above > is sh0Wn in 
Figure 3 b. Fig^TbjoOOb^lud^ mistletoe lectin B-chain sequences, which were 
fr^c^acgordiag-t o the procc ss-desu-ibed above^ 



A further aspect of the present invention is a process for the provision of a nucleic acid 
molecule, which codes for a mistletoe lectin polypeptide in a heterologous host as described 
above and includes the following steps: 

a) preparing of mistletoe cell RNA or chromosomal mistletoe cell DNA and 

Aprtnp fifying mistletoe c ell^NA-Qj^ehfOT^^ frHA b Y _ECB=Msing— 

-'l^ligonucleji^ lectin polypeptide shown in Fig. lb, 



c) if necessary, identifying of sequences which lie 5' and 3' from the amplified nucleic acid and 
amplification thereof, and 

d) isolating of the nucleic acid molecules amplified in step b) and/or c), and 

e) if necessary, ligating of several of the nucleic acid molecules amplified in step b) and/or c), 
such that a nucleic acid molecule with a complete open reading frame is obtained and 

f) targeted mutation of the nucleic acid molecule obtained in order to match the nucleic acid 
molecule to the usual genetic code of the heterologous host for one of the mistletoe lectin 
polypeptide isoforms identified in mistletoe cells. 

For the preparation of mistletoe cell DNA, mistletoe plants (Viscum album L. ssp. platy- 
spermum Kell), which had been harvested from poplars from Alsace, were crushed in liquid 
nitrogen and the chromosomal DNA extracted (Example 1). Using the degenerate oligo- 
nucleotides shown below, fragments of the genomic mistletoe lectin DNA were amplified by 
means of the PCR process (Example 2). The degenerate oligonucleotides used in the PCR 
reaction, which hybridise to regions of the MLB chain DNA, have the sequence: 



(BI): 



TN MGN GAY GAY GAY TTY CA 
'(Bri): 

AT YTG RTT NOG YTT NCC NGT - 
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The abbreviations of the nucleotides here are based on the designation proposed by the 
IUPAC-IUB Biochemical Nomenclature Commission. 




irthere act i on st o p, u s ing cpe cific^ onucleotides^h^ ^ 
rst amplification product were determin*^^ 3 )- 
jbe O iigofiuclemte^gd-fo1^^ ^ fuUuwiiife jcquency. 

CAC AGC AGT ATT ACA GTC GAA. 




iuuui.il nliili 11,1.1 fill IIiiiT K^^^actioirim s3h^ 
7 GTC TAT GTG ATG ATC TTC GAC TGT. 

The complete nucleic sequence thus obtained was used for the synthesis of specific oligo- 
nucleotides in order to obtain a whole clone by means of the PCR. Alternatively, the partly 
overlapping clones were cleaved using suitable restriction cleavage sites, in order to be 
assembled in a suitable vector, so that a complete open reading frame of the mistletoe lectin I 
gene was obtained. Deliberate mutations can be introduced into these DNA constructs by 
known techniques, e.g. by replacement of certain DNA regions by other DNA fragments, 
introduction of not completely homologous oligonucleotides, etc. These mutations can serve 
on the one hand to modify the amino acid sequence derived therefrom and thus to influence 
the activity of the polypeptide, or on the other hand to vary the nucleic acid sequence, without 
modifying the amino acid sequence, in order e.g. to imitate the preferred codon usage of a 
host organism. 

oteculgswMch ^e-Tn^^ 
, include the following sequences for ML-I, MLA and MLB or fragments 




i ) MT.-T Sequence 

TACGAGAGGCTAAGACTCAGAGTTACGCATCAAACCACGGGCGAKGAATACTTCCGGTTCATCACG 



CTTCTCCGAGATTATGTCTCAAGCGGAAGCTTTTCCAATGAGATACCACTCTTGCGTCAGTCTACG 



ATCCCCGTCTCCGATGCGCAAAGATTTGTCTTGGTGGAGCTCACCAACCAGGGGSRRGACTCGRTy 
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ACGGCCGCCATCGACGTTACCAATSYKTACGTCGTGGCTTACCAAGCAGGCGACCAATCCTACTTT 

TTGCGCGACGCACCACGCGGCGCGGAAACGCACCTCTTCACCGGCACCACCCGAZ1TCCTCTCTCC 

CATTCAMYGGAAGCTACMCYGATCTGGAGCGATACGCCGGACATAGGGACCAGATCCCTCTCGGTA 

TAGASCAACTCATTCAATCCGTCWCKGCGCTTCGTTWYCCGGGCGGCAGCACGCGTRCYCAAGCTC 

GTTCGATTTTAATCCTCATTCAGATGATCTCCGAGGCCGCCAGATTCAATCCCATCTTATGGAGGK 

MyCGCCAAKAYATTAACAGTGGGGMRTCATTTCTGCCAGACRTGTACATGCTGGAGCTGGAGACGA 

GTTGGGGCCAACAATCCACGCAAGTCCAGCATTCAACCGATGGCGTTTTTAATAACCCAWTYCGGT 

TGGCTATAYCYMCYGGTAACTTCGTGACGTTGWCYAATGTTCGCKMYGTGATCGCCAGCTTGGCGA 

TCATGTTGTTTGTATGCGGAGAGCGGCCATCTTCCTCTGACGTGCGCTATTGGCCGCTGGTCATAC 
GACCCGTGATAGCCGATGATGTTACCTGCAGTGCTTCGGAACCTACGGTGCGGATTGTGGGTCGAA 

RTGGCATGYGCGTGGACGTCCGAGATGACGATTTCCACGATGGGAATCAGATACAGTTGTGGCCCT 

CCAAGTCCAACAATGATCCGAATCAGTTGTGGACGATCAAAAGGGATRRMACCATTCGATCCAATG 

GCAGCTGCTTGACCACGTATGGCTATACTGCTGGCGTCTATGTGATGATCTTCGACTGTAATACTG 

CTGTGCGGGAGGCCACTATTTGGCAGATATGGGRCAATGGGACCATCATCAATCCAAGATCCAATC 

TGGTTTTGGCAGCATCATCTGGAATCAAAGGCACTACGCTTACGGTGCAAACACTGGATTACACGT 

TGGGACAGGGCTGGCTTGCCGGTAATGATACCGCCCCACGCGAGGTGACCATATATGGTTTCAGGG 

ACCTTTGCATGGAATCAAATSRAGGGAGTGTGTGGGTGGAGACGTGCGWSAGTAGCCAAMAGAACC 

AAZ2ARATGGGCTTTGTACGGGGATGGTTCTATACGCCCCAAACAAAACCAAGACCAATGCCTCAC 

CKBTGGGAGAGACTCCGTTTCAACAGTAATCAATATAGTTAGCTGCAGCGSWGSWTCGKSKKSKCA 

GCGATGGGTGTTTACCAATGAAKRSGCCATTTTGAATTTAAAGAVWRGSYYGRYSRTGGATGTGGC 
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GCAAGCAAATCCAAAGCTCCGCO 



G AAT AATT ATC TAT C C TGC CAC AG G AAAAC CAAATCAAAT G 



TG 



GCTTCCCGTGYYMTGA 



TT ) MLA Sequence 



TACGAGAGGCTAAGACTCAGAGTTACGCATCAAACCACGGGCGAKGAATACTTCCGGTTCAT 1 



CACG 



CTTC 



TCCGAGATTATGTCTCAAGCGGAAGCTTTTCCAATGAGATACCACTCTTGCGTCAGTCTACG 



ATCCCCGTCTCCGATGCGCAAAGATTTGTCTTGGTGGAGCTCACCAACCAGGGGSRRGACTCGRTY 
ACGGCCGCCATCGACGTTACCAATSYKTACGTCGTGGCTTACCAAGCAGGCGACCAATCCTACTTT 



TTGCGCGACGCACCACGCGGCGCGGAAACGCACCTCTTCACCGGCACCACCCGAZ 



1TCCTCTCTCC 



CATTCAMYGGAAGCTACMCYGATCTGGAGCGATACGCCGGACATAGGGACCAGATCCCTCTCGGTA 
TAGASGAACTCATTCAATCCGTCWCKGCGCTTCGTTWYCCGGGCGGCAGCACGCGTRCYCAAGCTC 
GTTCGATTTTAATCCTCATTCAGATGATCTCCGAGGCCGCCAGATTCAATCCCATCTTATGGAGGK 



MYCGCCAAKAYATTAACAGTGGGGMRTCATTTCTGCCAGACRTGTACATGCTG 



GAGCTGGAGACGA 



GTTGGGGCCAACAATCCACGCAAGTCCAGCATTCAACCGATGGCGTTTTTAATAACCCAWTYCGGT 
TGGCTATAYCYMCYGGTAACTTCGTGACGTTGWCYAATGTTCGCKMYGTGATCGCCAGCTTGGCGA 



TCATGTTGTTTGTATGCGGAGAGCGGCCATCTTCCTCT 
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4fSS? 



TTT ) MLB Sequence 

GATGATGTTACCTGCAGTGCTTCGGAACCTACGGTGCGGATTGTGGGTCGAARTGGCATGYGCGTG 

GACGTCCGAGATGACGATTTCCACGATGGGAATCAGATACAGTTGTGGCCCTCCAAGTCCAACAAT 

GATCCGAATCAGTTGTGGACGATCAAAAGGGATRRMACCATTCGATCCAATGGCAGCTGCTTGACC 

ACGTATGGCTATACTGCTGGCGTCTATGTGATGATCTTCGACTGTAATACTGCTGTGCGGGAGGCC 

ACTATTTGGCAGATATGGGRCAATGGGACCATCATCAATCCAAGATCGAATCTGGTTTTGGCAGCA 

TCATCTGGAATCAAAGGCACTACGCTTACGGTGCAAACACTGGATTACACGTTGGGACAGGGCTGG 
CTTGCCGGTAATGATACCGCCCCACGCGAGGTGACCATATATGGTTTCAGGGACCTTTGCATGGAA 



TGAAATSRAGGGAGTGTGTGG 



gf| TG TAC GGGGATGG TTC TATAC G< 

M 



GTGGAGACGTGCGWSAGTAGCCAAMAGAACCAA22ARATGGGCTT 



CCCCAAACAAAACCAAGACCAATGCCTCACCKBTGGGAGAGACT 



CCGTTTC AAGAGTAATCAra 

CCAATGAAKI^GCCATTTTGAATTTAAAGAVWRGSYYGRYSRTGGATGTGGCGCAAGCAAATCCAA 



AGCTCCGCCGAATAATTATCTATCC 



TGCCACAGGAAAACCAAATCAAATGTGGCTTCCCGTGYYMT 



GA 



The nucleotides are defined in accordance with the IUPAC-IUB code; Zi designates the 
nucleotide sequence GAT AGA or is missing, while Z 2 designates the nucleotide GGC or is 
missing. 

fSaScaoaTHST ecule which was pi eparedi^yth^rocess^ta^^ 
'e entire ML-I coding sequence, is shownjnFjgur^^ acid 
molecules, which code foMhe^C^S^f mistletoe lectin I and were prepared by the 
are shown in Figure 2a and Figure 2b. Specific sequences for MLB 
hrcrrwer e prepaied by il ic - proccs s describ ed-ab evc, arc liat ed-ia- 




process 
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rdition, th e p feseHfm^ition includes liudeii dud molecule s wh i ch rnde fo r a m krtk 
reSn polypeptide, as described above, and are characterised in that the codon ■ 



usae 



matched to the requirements of a heterologous host. Figure 4a showsjujAlf nucleic acid 
sequence, wherein the codon usage is matched to the prefen^d^usage of the genus 
Brassica. This genus was chosen, since both as the j>mnm<and also as the Winter form it 
thrives outstandingly in the middle latitudesof>rfopt North America and Asia. The possible 
uses of rape for the production of recpm6mtnt proteins have been demonstrated by various 
firms and research institute>-E5ca^ples of its use are the production of gastric lipase for use in 
the treatment^of^tic^brosis or coupling to oleosins for greater ease of purification of the 
^TStem^^um=ih£iii 

!K for MLA polypeptides or for MLB polypeptides of mislletee^ecanTand whose codon 
usage is likewise matched to thejenus^s^^ of homology between these 
matched sequencesjo^he^cTe^a^d sequences shown in Figs. 2a-and 7a is ca. 61% for 



Further, through the present invention a vector is made available, which includes one of the 
nucleic acid molecules described above or a fragment thereof and also a promoter regulating 
the expression of this nucleic acid molecule. In a preferred embodiment, this vector contains, 
in functional linkage with the nucleic acid molecules described above, a promoter which can 
only be activated in the intended host cell. The host cell here can be a plant or an animal cell. 
Host-specific promoters are already used, sometimes together with cell type-specific, 
regulated enhancer sequences, for the selective expression of therapeutic genes (Walter W and 
Stein U, Molecular Biotechnology, 1996, 6 (3), 267-86). Likewise, systems have been 
developed, wherein inducers and repressors act on a genetically modified transcription factor, 
which specifically recognises a likewise modified promoter. This allows the regulated 
expression of e.g. therapeutic proteins, without at the same time non-specifically activating 
cellular promoters (Miller N and Whelan J, Human Gene Therapy, 1997, 8 (7), 803-815). 
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IP 



A preferred vector is an RNA vector, such as for example described in Kumagai et al., Proc. 
Natl. Acad. Sci., USA, 1993, 90, 427-430. Compared to other plant expression systems, this 
system offers the advantages firstly that high yields of recombinant proteins can be achieved 
and secondly a considerably faster establishment of the process takes place, since only the 
RNA vector is genetically modified, and after infection the plant starts the production of the 
recombinant protein. 

Host systems which are to serve for the heterologous expression of the nucleic acids described 
above can be selected from the group including bacterial cells, plant cells with the exception of 
mistletoe cells, insect cells, insect larvae, vertebrate cells, preferably mammalian cells, yeast 
cells, fungal cells, transgenic vertebrates with the exception of man and/or transgenic plants 
with the exception of mistletoe plants. Here preferably Escherichia coli are used as bacterial 
cells, rape cells as plant cells, Trichoplusia ni as insect larvae, Spodoptera frugiperda cells as 
insect cells and zebra fish as vertebrates. 



The present invention includes pharmaceutical compositions which contain at least one of the 
^ aforementioned nucleic acid molecules or one of the vectors described above. 



A preferred pharmaceutical composition in addition contains liposomes, which enclose the 
linear nucleic acid molecules or the vectors, in order to protect them against nucleolytic 
degradation. At the same time, these liposomes can bear cell recognition molecules on their 
surface, which enable selective attachment to specific target cells. Such so-called "second 
generation" surface-modified liposomes (e.g. immunoliposomes and "long-circulating 
liposomes") are already being successfully used for the targeted transfection of specific cell 
types from cancer patients (Storm G and Crommelin D J, Hybridoma, 1997, 16 (1), 1 19-125, 
Thierry A R et al., Gene Therapy, 1997, 4 (3), 226-237). 

A further pharmaceutical composition is specified, wherein the linear nucleic acid molecule or 
the vector is coupled directly or via a linker system (e.g. biotin-streptavidin coupling) to one 
of the MLB polypeptides described above. Here the MLB polypeptide unit mediates the 
attachment of the complex to sugar-containing structures on the cell membrane and induces 
the endocytotic uptake of the complex. In this way, for example a nucleic acid coding for the 
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cytotoxic MLA can be specifically transported into a cell, where it is subsequently translated 
into a protein and then inactivates the cell's own ribosomes. In addition, such a complex can 
contain peptides such as for example antibodies, antibody fragments or receptor-binding 
peptides (ligands), which are capable of effecting cell-specific binding. 

A further preferred pharmacological composition includes a virus particle, as well as the linear 
nucleic acid molecule or the vector. In this case, a virus vector is preferred. Here the virus 
particle can likewise on its surface bear cell recognition molecules for specific cell recognition. 
These molecules can be e.g. fusion proteins of viral proteins with cell-specific-ally binding 
polypeptides. By presentation of these peptides on the surface of the virus particle, a targeted 
attachment of these particles can be achieved (Joelson T et al., Journal of General Virology, 
78 (6), 1213-1217, Grabherr R et al., Biotechnics, 1997, 22 (4), 730-735). 



The present invention further includes a pharmaceutical composition which contains at least 
f* one of the mistletoe lectin polypeptides described above and/or at least one fragment thereof 
m as cytotoxic component. The pharmaceutical efficiency of such a composition can once again 
^ be heightened by coupling of the polypeptides or the polypeptide fragments with cell 

recognition molecules which bind selectively to target cells, in a preterred embodiment of die 
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Q pharmaceutical composition, the cell recognition molecule is an antibody molecule, an 
antibody fragment or any other protein and peptide molecule, which has the capacity 
specifically to bind to the target cells, e.g. a peptide hormone or a fragment of this hormone 
such as the "gonadotropin-releasing hormone" and such fragments which specifically bind to 
receptors of adenocarcinoma cells or peptides which in a specific form of leukaemia bind to 
the inter-leukin-2 growth factor of the lymphoma cells ("cutaneous T cell lymphoma"). Non- 
protein molecules which concentrate in target cells or bind to them, such as cis-platin or haem 
and precursors thereof, can be also suitable cell recognition molecules for coupling to the 
cyto-toxic component of the ML-I. Owing to the fact that the cytotoxic component 
specifically gets into the cell interior of the degenerated cells, the dose of toxin can be kept 
relatively low and side-effects on healthy tissue minimised. 



Here these cell recognition molecules can be coupled to the mistletoe lectin polypeptides by 
known chemical processes. Furthermore, it is possible to create fusion proteins from the 
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polypeptides described above and a suitable antibody or a fragment thereof in one of the host 
systems likewise described above. Also suitable as fusion proteins are e.g. recombinant 
proteins which consist of a polypeptide described here and an TL-2 receptor-binding "homing- 
component or a genetically modified fragment of gonadotropin-releasing factor. 

A pharmaceutical composition according to the invention contains at least one of the poly- 
peptides described above and/or a fragment thereof, as a rule together with a pharmaceutical^ 
compatible vehicle. Here a defined mixture of different MLA and/or MLB polypeptides 
corresponding to the needs of the patient can be composed. In order to recreate the diversity 
of the mistletoe lectin I isoenzyme of natural mistletoe extract, a cytotoxic composition 
preferably contains several or all of the above-stated ML A/MLB polypeptides. The pharma- 
ceutically tolerable carrier can be a buffer, a diluent, a filler, solvent, lubricant, flavouring, 
binder, preservative and/or occluding material. The pharmaceutical composition is formul- 
ated such that it is suitable both for oral and also parenteral administration, in particular 
subcutaneous, intramuscular and intravenous administration. In certain diseases, inhalational, 
rectal, vaginal and cutaneous presentations can also be used. 

On account of an anti-tumongenic action, an above-mentioned mistfetoe lectin polypeptide or 
a fragment thereof can be used for production of a medicament for treatment of uncontrolled 
cell growth, e.g. of cancer. Furthermore, such a mistletoe lectin polypeptide or a fragment 
thereof, whose cytotoxic activity has been blocked, e.g. by modifications at the active centre 
(amino acids Y 76) Y U s, E 165 , R 168 , W 199 ), in combination with at least one further antigen, can 
be used for the production of a medicament, which is capable of intensifying the immune 
reaction against the further antigen. For example, from European Patent 0 320 528, proteins 
are already known (haemocyanins and arylphorins), which can cause a strong antigenic 
reaction. Similarly to these substances, the mistletoe lectins according to the invention can 
also trigger an activation of T-lymphocytes and lymphokine-producing macrophages and as a 
result strengthen the endogeneous defences. 

r > i-r., the pre sent invention alsuj n cludeiii a pij jces^ui^te ^nrh^TWffl=#^ iujllaUU 
ectin polypepfideJft-rrriltleWc^^ mistletoe plants having the following 
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ERLRLRVTHQTTGX1EYFRFITL 
RDYVSSGSFSNEIPLLRQSTIP 
SDAQRFVLVELTNQGX2D SX3TAA 
DVTNX4YVVAYQAGDQSYFLRDA 
RGAETH LFTGTTR X5 S S I* P F X6 G S 
X7DLERYAGHRDQIPLGIX8QLIQ 
V X9 A L R X10 P G G S T R Xll QARSILIL 
QMISEAARFNPILWR X12 R Q X13 I N 
G XI 4 3 F L P D X15 YMLELETSWGQQS 
QVQHSTDGVFNN-P XX6 R L A I X17 X18 G 
F V T L X19 N V R X20 VIASLAIMLFVC 
ERPSSSDVRYWPLVIRPVIADD 
TCSASEPTVRIVGR X21 G M X22 V D V 
DDDFHDGNQIQLWPSXSNNDPN 
LWTIKRDX23TIRSNGSCLTTYGY 
AGVYVMI FDCNTAVREATIWQI 
X24 NGTIIKP R3NLVLAASSGIKG 
TLTVQTLDYTLGQGWLAGNDTA 
REVTIYGFRDLCMESN X25 G S V W V 
T C X26 S S Q X27 N Q X28 X29 WALYGDGSI 




PKQNQDQCLT X30 G R D SVSTVINIV 
3 C S X31 X32 S X33 X34 QRWVFTNE X35 A I L, N 
L K X36 X37 X38 X39 X40 DVAO.ANPXLRRI I I 



YPATGKPNQMWLPV X41 



comprising the step of expressing a eukaryotic vector, which contains a nucleic acid coding for 
the mistletoe lectin polypeptide or a fragment thereof having the nucleic acid sequence 
originally found in mistletoe cell DNA, in a mistletoe cell or a transgenic mistletoe plant, 
wherein the transcription product of this nucleic acid molecule is modified in mistletoe cells or 
transgenic mistletoe plants by RNA editing and further normally occurring postranscript-ional 
and/or posttranslational mechanisms and thus possibly leads to the production of the natural 
mistletoe lectin mixture, 

wherein XI is D or E, X2 is G or Q, X3 is I or V, X4 is L or A, X5 is DR or missing, X6 is N 
or T, X7 is P or T, X8 is D or E, X9 is S or T, XI 0 i s F or Y, XI 1 is - T - or - A;- X12 is A or Y, — 
X13 is Y or D, X14 is A or E, X15 is V or M, X16 is I or F, X17 is P or S, X18 is P or T, 
X19 isT or S, X20 isD or S, X21 isN or S, X22 is C orR, X23 is GorN, X24 is GorD, 
X25 is G or Q, X26 is V or D, X27 is Q or K, X28 is G or missing, X29 is R or K, X30 is C 
or S or V, X3 1 is A or G, X32 is G or A, X33 is S or G, X34 is G or S, X35 is G or Y, X36 is 
N or S or T or K, X37 is S or G, X38 is L or P, X39 is A or M, X40 is M or V and X41 is P 
or F. 




■tbed abuvri, iwu RinlmA^-^ 



istletoe lectin A-chain_and_inist4eto-eTec^ or a fragment thereof are provided, which 

^et^^B^ cloTlowing ooqucnecs oi a fi agllleuL llieieuf. ' 



Mistletoe Lectin A : 

YERLRLRVTHQTTGX1EYFRFITL 



L R D 



XVSSG3FSNEIPLLRQSTIP 
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VSDAQRFVLVELTNQGX2DSX3TAA 
ID VTNX4YVVAYQAGDQSYFLRDA 
PRGAETHLFTGTTRXSSSLPFX6GS 
YX7DLERYAGHRDQIPI-GIX8QLIQ 

SVX9ALRX10PGG3TR Xll QARSILIL 
IQMISEAARFNPILWRX12RQX13IN 
3G X14 3FLPDX15YMLELETSWGQQ3 
TQVQHSTD GVFNNP X16 R L A I X17 X18 G 



ffl NFVTLX19NVRX20VIASLAIMLFVC 



f. a 

M 

a gerpsss 

-p 1 

p Mistletoe Lectin B : 

P 

O DDVTCSASEPTVRIVGR X21 G M X22 V D 
VRDDDFHDGNQI Q I* W P SKSNNDPN 
QLWTIKRD X23 TIRSNGS,CLTTYGY 
TAGVYVMI FDCNTAVREATIWQI W 
X24 NGTIINPRSNLVLA ASSGIKGTT 
LTVQTLDYTLGQGWLAGNDTAPRE 
VTIYGFRDLCMESN X25 GSVWVETC 
X26 S S Q X27 N Q X28 X29 WALYGDGSXR.PKQH 



Q D Q C L T X30 GRDSVSTVINIVSCS X31 
X32 S X33 X34 QRWVFTNE X35 A I L N L K X36 X37 
X38 X39 X40 DVAQANPKLRRI I IYPATG 
XPNQMWI/PV X41 



A process according to the invention for the provision of a nucleic acid molecule, which codes 
for the above-mentioned mistletoe lectin polypeptide in a mistletoe cell or a transgenic 
mistletoe plant, comprises the following steps: 

a) preparing of mistletoe cell RNA or chromosomal mistletoe cell DNA and 




fyillg llliMlelut; cell RNA ui duuiuosomal mi s tlet o e 1minJ [ )N A : £^ 



oligonucleptttfeswhich arederived from thelSstletoe lectin polypeptide shown in Fig. lb, 



c) if necessary, identifying of sequences which lie 5' and 3' from the amplified nucleic acid and 
amplification thereof, and 

d) isolating of the nucleic acid molecules amplified in step b) and/or c), and 

e) if necessary, ligating of several of the nucleic acid molecules isolated in step b) and/or c), 
such that a nucleic acid molecule with a complete open reading frame is obtained and 



f) if necessary, targeted mutation of the nucleic acid molecule obtained in order to match the 
nucleic acid molecule to the usual genetic code for one of the mistletoe lectin polypeptide 
isoforms identified in mistletoe cells and/or to optimise expression. 




i RNA or DNA in iaolaigdj)rgterabiyJ ^ " 
own proeesse5 -(Quiagt ;ii exp erim e ntal prg_tocatN i c frf@ »l DLU al., Amcricmr -JoTimal-gf^ 
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Botanyrrei-81, N o.9 (1994): 114 9-1160 , Exafnpi<^4>-*Jsmg-tr^^ oligonurieoticte s . 
BI and BII described in Example 1, which are derived from the mistletoe lectnv 
shown in Figure lb, the mistletoe lectin-I gene is amplified in a^^eacti^Tthe conditions 
for which are set out in Example 2. If this amplification^ep^oTs not include the complete 
open reading frame of ML-I, the 5' and 3'regjorr^nhe amplified nucleic acids can be ident- 
ified using the RACE technique withjhc^pective oligonucleotides stated in Example 3. The 
nucleic acid molecules thus ^o>aih1dare isolated and if necessary ligated into a vector using 
suitable restriction cleava^tes in such a way that this contains the complete open reading 
frame. A nucle>^c1dmolecule or a fragment thereof contained in this vector, which codes for 
a polypejrtfollmch as described above in a mistletoe cell or a transgenic mistletoe plant, 
^efnpnses thelbttowiftg-sequeiicer- 

i) MT.-T Sequence 

TACGAGAGGCTAAGACTCAGAGTTACGCATCAAACCACGGGCGAKGAATACTTCCGGTTCATCACG 
CTTCTCCGAGATTATGTCTCAAGCGGAAGCTTTTCCAATGAGATACCACTCTTGCGTCAGTCTACG 

'- — 1 — "" ' - " ' —H I- ■ — - 11.11 — I - I I I M l- ■■ - ■■ I ■■ I N— ■ " "" ' ■— — II ■■■■ - — I III .III — — — I I ■ ■ .III. .1.1 I. 

ATCCCCGTCTCCGATGCGCAAAGATTTGTCTTGGTGGAGCTCACCAACCAGGGGSRRGACTCGRTY 
ACGGCCGCCATCGACGTTACCAATSYKTACGTCGTGGCTTACCAAGCAGGCGACCAATCCTACTTT 
TTGCGCGACGCACCACGCGGCGCGGAAACGCACCTCTTCACCGGCACCACCCGA21TCCTCTCTCC 
CATTCAMyGGAAGCTACMCYGATCTGGAGCGATACGCCGGACATAGGGACCAGATCCCTCTCGGTA 
TAGASCAACTCATTCAATCCGTCWCKGCGCTTCGTTWYCCGGGCGGCAGCACGCGTRCYCAAGCTC 
GTTCGATTTTAATCCTCATTCAGATGATCTCCGAGGCCGCCAGATTCAATCCCATCTTATGGAGGK 
MYCGCC^AKAYATTAACAGTGGGGMRTCATTTCTGCCAGACRTGTACATGCTGGAGCTGGAGACGA 
GTTGGGGCCAACAATCCACGCAAGTCCAGCATTCAACCGATGGCGTTTTTAATAACCCAWTYCGGT 
TGGCTATAYCYMCYGGTAACTTCGTGACGTTGWCYAATGTTCGCKMyGTGATCGCCAGCTTGGCGA 
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TCATGTTGTTTGTATGCGGAGAGCGGCCATCTTCCTCTGACGTGCGCTATTGGCCGCTGGTCATAC 

GACCCGTGATAGCCGATGATGTTACCTGCAGTGCTTCGGAACCTACGGTGCGGATTGTGGGTCGAA 
RTGGCATGYGCGTGGACGTCCGAGATGACGATTTCCACGATGGGAATCAGATACAGTTGTGGCCCT 

CCAAGTCCAACAATGATCCGAATCAGTTGTGGACGATCAAAAGGGATRRMACCATTCGATCCAATG 

GCAGCTGCTTGACCACGTATGGCTATACTGCTGGCGTCTATGTGATGATCTTCGACTGTAATACTG 

CTGTGCGGGAGGCCACTATTTGGCAGATATGGGRCAATGGGACCATCATCAATCCAAGATCCAATC 
TGGTTTTGGCAGCATCATCTGGAATCAAAGGCACTACGCTTACGGTGCAAACACTGGATTACACGT 

TGGGACAGGGCTGGCTTGCCGGTAATGATACCGCCCCACGCGAGGTGACCATATATGGTTTCAGGG 



ff s ACCTTTGCATGGAATCAAATSRAGGGAGTGTGTGGGTGGAGACGTGCGWSAGTAGCCAAMAGAACC 

$n 

^ AAZ2ARATGGGCTTTGTACGGGGATGGTTCTATACGCCCCAAACAAAACCAAGACCAATGCCTCAC 

™o 1 

iSj CKBTGGGAGAGACTCCGTTTCAACAGTAATCAATATAGTTAGCTGCAGCGSWGSWTCGKSKKSKGA 

CP 

S GCGATGGGTGTTTACCAATGAAKRSGCCATTTTGAATTTAAAGAVWRGSYYGRYSRTGGATGTGGC 
GCAAGCAAATCCAAAGCTCCGCCGAATAATTATCTATCCTGCCACAGGAAAACCAAATCAAATGTG 
GCTTCCCGTGYYMTGA 

lofthe above-mention^J^fls?^^ in a mistletoe cell or a transgenic mistletoe plant, 
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U ) TVTLA Sequence 

TACGAGAGGCTAA.GACTCAGAGTTACGCATCAAACCACGGGCGAKGAATACTTCCGGTTCATCACG 
CTTCTCCGAGATTATGTCTCAAGCGGAAGCTTTTCCAATGAGATACCACTCTTGCGTCAGTCTACG 
ATCCCCGTCTCCGATGCGCAAAGATTTGTCTTGGTGGAGCTCACCAACCAGGGGSRRGACTCGRTY 
ACGGCCGCCATCGACGTTACCAATSYKTACGTCGTGGCTTACCAAGCAGGCGACCAATCCTACTTT 
TTGCGCGACGCACCACGCGGCGCGGAAACGCACCTCTTCACCGGCACCACCCGAZ 1 TCCTCTCTCC 
CATTCAMY GGAAGC TACMC YGATC TGGAGC GATAC GC C GGACATAGGGAC CAG ATC C C TC TC GG TA 

las? 

€l TAGASCAACTCATTCAATCCGTCWCKGCGCTTCGTTWYCCGGGCGGCAGCACGCGTRCYCAAGCTC 

jpl 

K GTTCGATTTTAATCCTGATTCAGATGATCTCCGAGGCCGCCAGATTCAATCCCATCTTATGGAGGK 

on 

X| MYCGCCAAKAYATTAACAGTGGGGMRTCATTTCTGCCAGACRTGTACATGCTGGAGCTGGAGACGA 
S gttGGGGCCAACAATCCACGCAAGTCCAGCATTCAACCGATGGCGTTTTTAATAACCCAWTYCGGT 



TGGCTATAYCYMCTGGTAACTTCGTGACGTTGWCYAATGTTCGCKMYGTGATCGCCAGCTTGGCGA 



FuMliuuiorc, a nu cteic-acnH Ho le nilp nr a fragment thereof>^^ 
entioned Tvfl^B^oljq^ide^m-^ P lant > havin § the 
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TTT ) MLB Sequence 

GATGATGTTACCTGCAGTGCTTCGGAACCTACGGTGCGGATTGTGGGTCGAARTGGCATGYGCGTG 
GACGTCCGAGATGACGATTTCCACGATGGGAATCAGATACAGTTGTGGCCCTCCAAGTCCAACAAT 
GATCCGAATCAGTTGTGGACGATCAAAAGGGATRRMACCATTCGATCCAATGGCAGCTGCTTGACC 
ACGTATGGCTATACTGCTGGCGTCTATGTGATGATCTTCGACTGTAATACTGCTGTGCGGGAGGCC 
ACTATTTGGCAGATATGGGRCAATGGGACCATCATCAATCCAAGATCCAATCTGGTTTTGGCAGCA 
TCATCTGGAATCAAAGGCACTACGCTTACGGTGCAAACACTGGATTACACGTTGGGACAGGGCTGG 

*2 CTTGCCGGTAATGATACCGCCCCACGCGAGGTGACCATATATGGTTTCAGGGACCTTTGCATGGAA 

M3 

ft TCAAATSRAGGGAGTGTGTGGGTGGAGACGTGCGWSAGTAGCCAAMAGAACCAAZ2ARATGGGCTT 

5 

M TGTACGGGGATGGTTCTATACGCCCCAAACAAAACCAAGACCAATGCCTCACCKBTGGGAGAGACT 



CCGTTTCAACAGTAATCAATATAGTTAGCTGCAGCGSWGSWTCGKSKKSKCAGCGATGGGTGTTTA 

5 

S ccaATGAAKRSGCCATTTTGAATTTAAAGAVWRGSYYGRYSRTGGATGTGGCGCAAGCAAATCCAA 
AGCTCCGCCGAATAATTATCTATCCTGCCACAGGAAAACCAAATCAAATGTGGCTTCCCGTGYYMT 

GA 



The nucleotides are defined in accordance with the IUPAC-IUB code; in addition, Zi 
designates the nucleotide sequence GAT AGA or is missing, while Z 2 designates the. 
nucleotide GGC or is missing. 

"^^ttewr planra^"^"^^^ t in rWm in F^ nr e la. Fullheim efe, sp^riAr, nu cleic-acid— " 



jjloiilL, tvhirh irrmnjifirrHn t hrir^^^T^^^ir.h fl manner that as a resuluhe-ewremwar 

Furthermore, the present invention makes available a process for the production of one of the 
above-described polypeptides, which includes the modification of sugar side-chains by 
enzymatic and/or chemical addition, removal and/or modification of one or several side-chains 
(Macindoe WMet al., Carbohydrate Research, 1995, 269 (2): 227-57; Meynial-Salles I and 
Combes D, J. Biotechnol., 1996, 46 (1), 1-14; Wong S Y, Current Opinion in Structural 
Biology, 1995, 5 (5), 599-604). In this way, the in vivo activity of individual MLA and/or 
MLB chains can be strengthened or weakened or in the event of any variations dependent on 
the expression system can be optimally matched to the natural mistletoe lectins. It is also 
intended that such modified mistletoe lectin can be added to a pharmaceutical composition 
according to the invention. 




Fig.2: 
Fig.3: 
Fig.4: 
Fig. 5: 
Fig. 6: 
Fig.7: 
Fig.8: 



lewmg-figores-^ d exau i ples - i ttastTatethe invention: 
Representation of a mistletoe lectin-I dimer. 

Representation of the (a) nucleic acid sequence and (b^niino acid sequence of ML-I. 
Representation of the (a) nucleic acid sequence anoXb; amino acid sequence of 
mistletoe lectin Al . 

Representation of the (a) nucleic acid sequ^ce and (b) amino acid sequence of 
mistletoe lectin A2. 

Representation of the nucleic acidysequence of MLI, wherein the nucleic acid 
sequence is matched to the codon usage ofBrassica. 

Representation of the nucleic acid sequence of mistletoe lectin Al, wherein the 
nucleic acid sequencers matched to the codon usage ofBrassica. 
Representation of/foe nucleic acid sequence of mistletoe lectin A2, wherein the 
nucleic acid sequence is matched to the codon usage ofBrassica. 
Representation of the (a) nucleic acid sequence and (b) amino acid sequence of 
mistletoe lectin B. 

Representation of the (a) nucleic acid sequence and (b) amino acid sequence of 
istletoe lectin Bl. 

^Representation ofthe (a) nucleic acid sequence-a^(b>ai^©-acid-sequence_Qf_. 



mistletoe lectin air 

fig^nKepresenfadoii of ll R , ( a) iiuU iii a o id b o q u cncc and (h) nm i nn fir i d se qi ieiice-ef-^ 
mistletoe lectin B3 . y 

Fig.l 1: Representation of the (a) nucleic acid sequence and (b) amino acid sequence of 
mistletoe lectin B4. / 

Fig. 12: Representation of the (a) nucleic acid sequence and (b) amino acid/sequence of 
mistletoe lectin B5. / 

Fig. 13: Representation of the nucleic acid sequence of mistletoe'lectin B, wherein the nucleic 



acid sequence is matched to the codon usage oiBvdssica. 
Fig. 14: Representation of the nucleic acid sequence^of mistletoe lectin Bl, wherein the 

nucleic acid sequence is matched to the'codon usage of Brassica. 
Fig. 15: Representation of the nucleic acid'sequence of mistletoe lectin B2, wherein the 
3 nucleic acid sequence is matched to the codon usage of Brassica. 

S Fie. 16: Representation of the-nucleic acid sequence of mistletoe lectin B3, wherein the 
N 3 nucleic acid sequence is matched to the codon usage of Brassica. 

S Fig. 17: Representation of the nucleic acid sequence of mistletoe lectin B4, wherein the 
^ nucleicacid sequence is matched to the codon usage of Brassica. 

"J* pig. 18: Representation of the nucleic acid sequence of niisUeloe lectin B5, wherein the 
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/j^cleie-acid sequence is matched l o the codon usag e-of Brassica. 



Example 1 

Mistletoe plants of the species Viscum album L. spp. platyspermum Kell were harvested from 
poplars growing in Alsace and frozen directly after harvesting. The plant material was crushed 
in liquid nitrogen in the laboratory and then the DNA from 100 mg of plant material was 
isolated by the process described in the Qiagen DNeasy Plant Mini-Handbook 09/96. 

Example 2 

PC.R Conditions for the Amplification of Mistletoe Lectin-I D NA 

For the amplification of genomic mistletoe lectin-I DNA, 100 ng of template DNA, prepared 
as stated in Example 1, were used in a PCR process with 30 cycles using Taq polymerase 
(Boehringer Mannheim). 1 ug of primer, MgCl 2 (end concentration 2 mM), nucleotide 
mixture A, T, C, G (end concentration 0.2 mM) and 2.5 units of Taq polymerase were added 



to the template DNA. The reaction was started as hot-start PCR by a denaturation step of the 

DNA for 5 minutes at 94°C. In this, the enzyme and the remaining reagents only mixed after a 

wax barrier between the components had melted. The 30 subsequent cycles are performed 

under the following conditions: 

Denaturation: 94°C 30 seconds 

Annealing: 55°C 30 seconds 

Amplification: 72°C 1 minute. 

Following the 30 cycles, a 7-minute elongation reaction at 72°C was also performed, before 
the reaction mixture was cooled down to 4°C. 

The primers used in the PCR process hybridised with fragments of the genomic DNA coding 

for MLB chain DNA and had the following sequences: 
. rgh — sr QTN MGN GAY GAY GAY TT ¥~6A • 
"^§2—— A T YTG RTT NGG - YTT NCC NGT - 

The nucleotides are defined in accordance with the IUPAC-IUB code. 

The oligonucleotide Bl hybridised to the nucleic acid region that corresponds to amino acids 
24 to 30 of the MLB sequence, while the oligonucleotide B2 hybridised to the complementary 
DNA sequence coding for amino acids 253-258 of MLB. 

Example 3 

In order to determine the flanking 3' and 5' sequences of the DNA amplified in Example 2, the 
RACE technique was used. 2 ug of RNA template in cDNA synthesis buffer (end 
concentration: 20 mM Tris-HCl, 8 mM MgCl 2 , 30 mM KC1, 1 mM dithiothreitol; pH 8.5 
(20°C)) were treated with AMV reverse transcriptase, the deoxynucleotides and the specific 
primer (see below) and incubated for 60 mins at 65°C. Next, the sample was incubated for 
10 mins at 65°C. After the purification of the first cDNA strand, the "tailing" reaction was 
carried out with 2/5 of the synthesised cDNA with terminal transferase. After the tailing 
reaction, a PCR was performed with the oligo-dT anchor primer and the specific primer (see 
above for incubation conditions, except for the annealing temperature, which was lowered to 
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50°C). For the determination of the 5' regions of the nucleic acid molecules amplified in 
Example 2, the oligonucleotide having the following sequence was used: 
^ AC AGC AGT ATT ACA GTC GAA. 



7\DNA sequence complementary to this oligonucleotide codes for the amino acid sequence 
79-85 of the MLB polypeptide. In order to determine the 3' regions of the amplified nucleic 
acid molecules, the oligonucleotide having the following sequence was used in a similar 
experiment: 



This nucleic acid sequence codes for the amino acid region 74-81 of the MLB polypeptide. 
For the 3' RACE reaction, the same incubation conditions as for the 5' RACE were used, 
except for the "tailing" reaction, which is not necessary here because of the polyA tail of the 
mRNA. In both processes, the oligo-dT anchor primer of the Boehringer Mannheim kit was 
used. 



Example 4 

-fcfi — Pharmaceutical Comuosiliun with - evtotox io- Action - 

Mistletoe, tobacco and rape cells are transfected with RNA vectors which code for MLA1 and 
MLA2, the respective cells are harvested after a few days, and the MLA1 and MLA2 proteins 
purified by affinity chromatography. As gel material, divinylsulphone (DVS)-activated 
lactose-coupled Sepharose 4B (Pharmacia) is used. By treatment with 0.2 M HC1, the 
material is activated, i.e. the Sepharose structure is partially hydrolysed and sugar-binding sites 
to which the lectins can bind are freed. 100 ml of gel material are washed with 0.2 M HC1 in a 
Buchner funnel and suspended in 200 ml of 0.2 M HC1. The hydrolysis of the gel material is 
effected by 3.5-hour incubation of the suspension at 50°C in the water-bath. The suspension is 
washed free of acid with water and then with peptide eluent (0.05 K 2 HP0 4 x 3H 2 0, 0. 15 M 
NaCl, pH 7.0). Then the suspension is degassed, the peptide eluent removed by suction, and 
the viscous liquid gel material filled into an empty column XK50/30 (3 x 
50 cm, Pharmacia) and packed with peptide eluent pH 7.0 at a flow rate of 2.5 ml/min initially 
and then 5 ml/min. The column is equilibrated with the same eluent at a flow rate of 1 ml/min. 
The cell extract obtained from the transfected mistletoe cells is centrifuged and the supernatant 
loaded onto the column. The separation is performed at a flow rate of 1 ml/min with peptide 
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eluent pH 7.0. The lectins are eluted from the column material with a buffer of 0.2 M lactose 
in peptide eluent pH 7.0 at a flow rate of 2 ml/min. The elution of the lectin from the column 
is measured by determination of the absorption at 206 nm. The lectin-containing fractions are 
collected, frozen and lyophilised. If desired, a further purification step on an HPLC column 
can be performed. Suitable for this is a Vydac C4 300 A column, which is run at a flow rate 
of 300 (j.l/min and a gradient of 20% to 100% B in 60 minutes, where eluent A is 0. 17% TFA 
in water and eluent B is 0. 1 5% TFA in 80% CH 3 CN in water. The elution of the mistletoe 
lectins is detected at a wavelength of 214 nm. 

The purified MLA-1 and MLA-2 polypeptides are coupled to a suitable cell recognition 
molecule. If the cell recognition molecule is a mono- or polyclonal antibody, this can for 
example be bound to the cytotoxic MLA1 or MLA2 using glutaraldehyde or be directly 

O 

Cf expressed as chimaeric fusion protein (antibody-MLA) in the appropriate expression system. 



Example 5 

Pharmaceutical Composition : 

Mistletoe cells are transfected with RNA vectors which code for the mistletoe lectins MLA1 
and MLA2 and mistletoe lectins MLB to MLB6. After a few days, the mistletoe lectin 



G3 monomers or dimers are extracted from the mistletoe cells and purified by processes such as 

CP 

O are described in Example 4. The monomers thus obtained can be fused in vitro to 

heterologous and homologous dimers. In this way, a large number of different combinations 
of the individual MLA and MLB polypeptides are formed. The heterogeneous mixture of ML- 
1 dimers and monomers thus produced is lyophilised and used for formulation with a suitable 
vehicle. 



